Introduction
Taxonomic diversity is one of the most important characteristics of biological communities: it reflects evolutionary processes and maintains ecological functions and stability of ecosystems. Diatoms are a specialized, systematic group of algae occurring in almost all water ecosystems and other damp habitats. They are a systematic group used in assessment of water quality (Noga et al., 2014) . These organisms are one of the main dominant groups of periphytic algae in lotic systems and efficient indicators of environmental changes, since they respond sensitively to physical and chemical changes of water quality (Winter and Duthie, 2000; Lobo et al., 2002) . However, thorough understanding of the taxonomy of diatoms has been identified as one of the major problems for using this group of algae in biological monitoring programs (Sabater et al., 1991) .
Although extensive floristic studies have been carried out, the algal flora of many geographical areas is still poorly known, and in Iran studies on algal flora in general and particularly diatoms have received little attention and there are few publications on algal floras (Hirano, 1973; Wasylik, 1975; Compere, 1981; Zarei Darki, 2009 ). Moghadam (1976) reported diatoms from a small portion of the Zayandeh Rood River. Zarei Darki (2011) reported 704 diatom taxa from the aquatic ecosystems of Iran. In recent years several lakes, wetlands, and rivers in different areas were studied for diatom distribution, e.g., the diatom flora of Neure Lake (Nejadsattari, 2005) and the epilithic diatoms of streams in the Ramsar region (SoltanpourGargari et al., 2011) . In the present study the diatom flora of the Balikhli River is reported for the first time to expand the knowledge of diatoms in the region for future monitoring programs. The objective of the present study was to understand the diversity and distribution of diatoms in the Balikhli River.
Materials and methods
The Balikhli Chay is a permanent river in Ardabil Province, Iran. It originates from the Bozgoosh and Sabalan elevations in Northwest Iran. The water catchment area of the Balikhli River (Balikhli Chay) is over 1600 km 2 . Twenty-five kilometers to the southwest of the city of Ardabil, the Yamchi dam has been constructed on the river. The Yamchi reservoir serves as the main source for drinking and irrigation purposes. Several important tributaries including the Borjlou Chay, Saghghezchi Chay, Aghlaghan Chay, and Jurab Chay on their way downhill join the Balikhli Chay and increase its water volume. On the other hand, it also receives a huge amount of various waste materials of domestic, industrial, and agricultural origin.
The present study was carried out on the Balikhli River; six sampling stations were selected. Three sites were upstream and the other 3 were downstream of the Yamchi dam (Figure 1) . Diatom samples were taken at 6 sampling stations in monthly intervals from October 2013 through September 2014. Due to the extremely hard weather conditions, sampling was not possible in winter months. Epilithic diatoms were collected from stone surfaces using a toothbrush and distilled water and epipelic diatoms were collected from sediment surfaces by gently scooping up the top layer of sediment into a container (Bellinger and Sigee, 2010) . In total 96 samples were collected. Samples were preserved in 4% formaldehyde solution. Diatom samples were cleaned using hot HNO 3 . The acid-cleaned samples were then washed and rinsed with distilled water and mounted on slides with Naphrax (Taylor, 2007) . Three slides were prepared for each sampling stations.
They were examined under a light microscope at 1000× magnification using immersion oil, and at least 300 valves were counted from each slide. Taxonomic identification was performed according to Krammer and Lange-Bertalot (1986 , 1988 , 1991a , 1991b , Patrick and Reimer (1975) , and Spaulding et al. (2010) . To understand the diatom ecology, preferences of each individual taxon with respect to trophic status and pH values of water were determined according to Van Dam et al. (1994) , Kelly et al. (2005) , and Lysakova et al. (2007) .
Samples for water quality analysis were collected at the same time as the diatom samples. Environmental factors including water temperature, pH, dissolved oxygen (DO), electrical conductivity (EC), total dissolved solids (TDS), and salinity were measured in situ using a portable Hach G500 multimeter. (APHA, 1999) .
Results
The results of water analysis are presented in Table 1 . The concentrations of nitrate ranged from 1.39 to 9.04 mg L , and sulfate from 13.41 to 404.64 mg L -1 (probably due to the mineral sulfated hot waters in the region). TDS was 346-4007 mg L -1 and EC was 494-5820 µS cm -1 with the highest value being recorded at S2. pH ranged between 6.2 and 8.8 and temperature between 4.9 and 25.7 °C.
A total of 109 taxa (108 at species level, 1 at genus level) belonging to 50 genera, 26 families, and 3 classes were identified in this study (Table 2) . Diatom taxa were arranged according to Guiry and Guiry (2014) . Bacillariophyceae with 103 species, Bacillariaceae with 25 species, and Nitzschia with 18 species were the most dominant class, family, and genus (Figure 2 ) in the Balikhli River, respectively. Symmetrical biraphids with 14 genera and 29 species were the most diverse group and epithemioids with 2 genera and 4 species the least diverse group. The centric diatoms constituted only 4.54% (4 genera and 5 species) of all identified taxa (Table 3) .
Trophic preferences (Van Dam et al., 1994; Lysakova et al., 2007) were available for 79.09% of the taxa (Table 3) . Of these, 65.11% were eutraphentic, 16.27% meso-eutraphentic, 6.97% oligo-to eutraphentic, 4.65% mesotraphentic, and 3.48% oligotraphentic; oligo-mesotraphentic, hypereutraphentic, and euhypereutraphentic preferences were also seen, each with 1.16% (Figure 3) .
With respect to pH preferences, unsurprisingly most were categorized in categories 4 ("alkaliphilous", 67.44%), 3 ("circumneutral", 22.09%), and 5 ("alkalibiontic", 9.3%) ( Table 3 ). The only exception was Oxyneis binalis, which belongs to category 1 ("acidobiontic"), but this species was sporadically found in only one sample (Figure 4) .
Twenty-five diatoms were found in more than half of the samples. Some of the most frequently observed diatoms in the samples were Rhoicosphenia abbreviata (in 95% of all samples), Planothidium lanceolatum (90%), Surirella brebissonii (88%), Nitzschia inconspicua (86%), Nitzschia palea (85%), Gomphonema olivaceum (84%), Nitzschia dissipata (83%), Amphora pediculus (82%), Navicula trivialis (82%), Ulnaria ulna (82%), Navicula tripunctata (77%), Diatoma moniliformis (72%), Gomphonema parvulum (70%), Cocconeis placentula (67%), and Cyclotella meneghiniana (66%); among them the most abundant taxa were Nitzschia inconspicua (maximum relative abundance 59.58% in epilithic and 32.72% in epipelic samples) and Planothidium lanceolatum (maximum relative abundance 36.47% in epilithic and 55.12% in epipelic diatoms) in both epilithic and epipelic assemblages, accompanied by Amphora pediculus in epilithic (33.8%) and Navicula trivialis (40.8%) in epipelic diatoms. Other abundant taxa were Gomphonema olivaceum, Nitzschia palea, Rhoicosphenia abbreviata, Diatoma moniliformis, and Cyclotella meneghiniana. Thirty-seven species represented more than 5% in at least one sample (Table 2, in bold). Some identified diatoms are presented in Figures 5-7. 
Discussion
This study is the first attempt to uncover the taxonomic composition and distribution of diatoms in the Balikhli River. The recorded composition of the benthic diatom community is typical of running water and is somewhat similar (41 similar taxa) to the diatom communities reported from rivers in Ramsar, Iran (Soltanpour-Gargari et al., 2011) and the Nishava River (61 similar taxa) in southern Serbia (Andrejic et al., 2012) . This may be due to the similar conditions of the rivers. When comparing species composition with the Karaj River (Kheiri et al., 2012) and Jajrud River (Jamalou et al., 2005) in northern parts of Iran, there are some similarities, but these Table 3 . Morphological categorization of diatom taxa found in the Balikhli River according to Spaulding et al. (2010) . (Cantonati, 1998; Rott et al., 2006; Komulaynen, 2009; Gesierich and Kofler, 2011; Andrejic et al., 2012; Noga et al., 2014) .
High species richness was recorded within the genera Nitzschia (18), Navicula (9), and Gomphonema (7), as found in studies of Andrejic et al. (2012) , Delgado et al. (2013) , and Suphan et al. (2012) . These are very common genera with large numbers of species (Fourtanier and Kociolek, 2009; Spaulding et al., 2010) . In comparison to other studied rivers in Iran, similar to our study Nitzschia with 24 species was the most species-rich genus in the Ramsar streams (Soltanpour-Gargari, 2011), the Gharasou River (25 spp.) (Atazadeh et al., 2007) , and the Karaj River (10 spp.) (Kheiri et al., 2012) . Navicula was the second most abundant genus in Ramsar (20 spp.) and the Gharasou River (25 spp.), although some species of Navicula sensu lato were represented by basionyms in our study. Differently, the third most species-rich genus in the above mentioned studies was Cymbella, which had no specific role in the diatom composition of the Balikhli River, but some species of this genus were represented by basionyms in the present study, including Encyonema.
The epilithic and epipelic diatom assemblages of the Balikhli River were dominated by taxa characteristic for alkaline and eutrophic waters. According to Richardson et al. (1996) , Cocconeis placentula, Diatoma vulgaris, Gomphonema parvulum, Melosira varians, Nitzschia palea, Planothidium lanceolatum, and Rhoicosphenia abbreviata are some members of the "agricultural guild" that is dominant in diatom communities of streams enriched by runoff from agricultural land or input from industry. The appearance of these diatom species in water samples is an indication of the deterioration of water quality (Lee, 2008) . Other studies from different rivers indicated that benthic diatoms in slightly or highly polluted rivers have similar dominant species, from which the most frequent are Planothidium lanceolatum, Cocconeis placentula, Navicula lanceolata, N. gregaria, N. tripunctata, and Nitzschia palea (Wasylik, 1985; Kawecka, 1986; Rakowska, 2001; Noga et al., 2014) . The Eunotioid group had no representatives in the river. The genus Eunotia as a whole is a robust indicator for acid, fresh, oligotrophic water, which is rich in oxygen and poor in organic nitrogen compounds (Van Dem et al., 1994) . Some dominant taxa were characterized by their small size, too, like Nitzschia inconspicua, Planothidium lanceolatum, and Amphora pediculus.
Thirty taxa were very rare in the river and were only observed in one sample: (Komulaynen, 2009) , and Oxyneis binalis is an acidobiontic species (Van Dam et al., 1994) .
Among the centric diatoms identified, the genera Stephanodiscus and Aulacoseira are diverse and widespread planktonic genera of freshwaters (Hutchinson, 1967; Spaulding et al., 2010) . The species Aulacoseira granulata is very rare in diatom assemblages of the river. The abundance of Stephanodiscus neoastraea (a diatom that is abundant in algal assemblages of the Yamchi dam), especially at sites 4 and 5, which are located downstream of the dams on the river, was probably a result of drift from dam. Melosira varians is one of the most common species of the genus and grows in benthic habitats of eutrophic streams and lakes (Spaulding et al., 2010) . Cyclotella meneghiniana has a wide ecological distribution and is often found in waters with high conductivity (Kelly et al., 2005) . Cantonati et al. (2012) mentioned that the substrate present at a single site might influence the structure of diatom assemblages. Diatom species often show marked preferences for particular substrate and microniches or microhabitats (epilithic, epipelic, epipsammic, epiphytic) (Cox, 1988 (Cox, , 1990 Rothfritz et al., 1997 Figures 5-7) . The taxa Achnanthidium lanceolata, Achnanthes lanceolata subsp. frequentissima, Cymatopleura solea, Diatoma mesodon, Navicula capitata, Navicula cuspidata, Navicula goeppertiana, Navicula mutica, Navicula pupula, Navicula pygmaea, Nitzschia hungarica, and Synedrella parasitica, which were recorded in previous works in different ecosystems of Iran (Hirano, 1973; Wasylik, 1975; Nejadsattari, 2005; Shams and Afsharzadeh, 2009; Soltanpour-Gargari, 2011; Ramazannejad Ghadi and Kianianmomeni, 2013) It has been shown that diatom communities are dominated by a few species that occur frequently and a large number of rare species that occur occasionally or sometimes only once (Round, 1993; Kelly and Whitton, 1995) . The structure of the diatom assemblages from the Balikhli River agrees with this finding.
This paper presents the first study of the taxonomic composition and distribution of diatoms in the Balikhli River. A further step will be to evaluate the ecological status of this river based on the qualitative and quantitative diatom data from the present study.
